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We propose new large field inflation scenarios built on the framework of F-term axion monodromy.
Our setup is based on string compactifications where D-branes create potentials for closed string
axions via F-terms. Because the source of the axion potential is different from the standard sources
of moduli stabilisation, it is possible to lower the inflaton mass as compared to other massive
scalars. We discuss a particular class of models based on type IIA flux compactifications with D6-
branes. In the small field regime they describe supergravity models of quadratic chaotic inflation
with a stabiliser field. In the large field regime the inflaton potential displays a flattening effect due
to Planck suppressed corrections, allowing to easily fit the cosmological parameters of the model
within current experimental bounds.
PACS numbers: 11.25.Wx, 11.25.Uv, 98.80.Cq
INTRODUCTION
Since put forward in [1], large field chaotic inflation has
been an attractive proposal for describing early universe
cosmology. This has motivated its embedding in more
sophisticated schemes, more particularly within models
of N = 1 supergravity and superstring theory. However,
such embeddings suffer from a number of important sub-
tleties which need to be addressed before claiming to have
constructed a successful model of large field inflation.
A well-known caveat in the context of supergravity
models is that the simplest superpotential leading to
chaotic inflation, Winf = X
2, results in a scalar potential
unbounded from below at large values of the inflaton.
This problem is typically addressed by considering the
alternative superpotential [2] (see [3] for generalisations)
Winf = SX (1)
in which a second chiral multiplet S has been introduced.
The roˆle of S, dubbed stabiliser field, is to generate a
potential for the axionic scalar within X while keeping
a vanishing vacuum expectation value during inflation,
therefore controlling the negative term −3eK |W |2 in the
scalar potential for large values of 〈X〉.
Another central issue is that realistic models of string
theory and supergravity contain many other scalar fields
beyond those driving inflation. These extra scalar fields
must develop a scalar potential on their own that sta-
bilises them above the inflaton mass and the Hubble
scale, and in such a way that inflationary dynamics is
not disturbed. Finally, the decoupling from the infla-
ton sector must guarantee that these heavier scalars are
not destabilised for trans-Planckian values of the inflaton
vacuum expectation value.
In string theory, a promising scheme to realise large
field inflation relies on the idea of axion monodromy, in
which an axion develops a potential V that simultane-
ously breaks its shift symmetry and periodicity [4, 5].
Particularly interesting for the above discussion are those
models classified as F-term axion monodromy inflation
[6] (see also [7, 8]), where for small values of the infla-
ton field V can be understood as a supergravity F-term
potential. Indeed, this supergravity description allows
to clearly see the interplay between the stabilised mod-
uli and the inflaton sector, and to determine whether
the above or additional subtleties are present in a given
model.
Indeed, the vantage point of supergravity has been re-
cently used to analyse certain F-term axion monodromy
inflation models, more precisely type IIB compactifica-
tions with fluxes in which the inflaton is a complex struc-
ture field [9–11]. It was found that i) it is generically very
difficult to lower the mass of the inflaton candidate with
respect to the other complex structure scalars and that ii)
the inflaton will typically backreact on the closed string
moduli.
While these observations have been used to claim that
a successful model of F-term axion monodromy inflation
is hard to obtain, it is important to keep in mind that
they arise from a very specific setup, and this is where
the actual challenge to realise inflation may be rooted in.
Indeed, in the setup of [9–11] the same source (a back-
ground flux induced potential) is used to stabilise most
complex structure moduli at very high scale and to pro-
vide a mass for the inflaton several orders of magnitude
below, naturally requiring some fine-tuning. Moreover,
the superpotential grows significantly for trans-Planckian
values of the inflaton, modifying all the F-terms and cre-
ating an important source of moduli destabilisation.
The purpose of this letter is to point out that these
issues can be solved by considering more general setups,
in which the sources for moduli stabilisation and inflaton
potential are very different. The class of models which
we propose do also belong to the framework of F-term
axion monodromy inflation, and their main new ingredi-
ent compared to previous proposals is a superpotential
of the form (1) involving the inflaton field and generated
by the presence of a D-brane filling 4d space-time.
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2As shown in [12] one achieves a superpotential of the
form (1) by considering space-time filling D-branes with
a certain topology in type II orientifold compactifications
[28]. In such setting one of the two complex fields in (1)
is a modulus of the D-brane, while the other is a closed
string modulus.
Now, because this superpotential source is of different
nature from a flux-induced superpotential, it can gen-
erate masses at a different scale. More precisely, we will
see that at the supergravity level the masses generated by
the D-brane-induced superpotential depend on the open
string kinetic terms, which can be very different from
the closed string kinetic terms entering the flux-induced
superpotential. In particular, one may generate a hierar-
chy of masses by considering that the above D-brane is
placed in a strongly warped region of the compactifica-
tion manifold, lowering the inflaton mass with respect to
other moduli.
Of course, if (1) is the only source of scalar potential
for the complex fields X and S one may be faced with a
model with four real fields of comparable mass, leading to
multifield dynamics during the inflationary period which
may in turn generate abundant isocurvature perturba-
tions. There could be however several scenarios which
lead to simplifications of this picture, leaving an effective
theory with only one or maybe two real fields to drive
inflation. For instance:
i) It may happen that, out of the four scalars, only
one has a shift symmetry in the Ka¨hler potential.
In particular, one may consider the case where the
Ka¨hler potential is a function of SS¯ and (Im X)2.
These assumptions are the ones typically used in
the supergravity literature (see e.g., [2, 3]), but
we will consider below a string theory construction
that satisfies them as well. Then, by the results
in [3] the scalar potential will have a minimum at
S = Im X = 0 and the fields S and Im X will
be heavier than Re X and the Hubble scale if the
derivatives of the Ka¨hler potential satisfy certain
inequalities.
ii) One of the two complex fields, say S, may appear
in the piece of the superpotential Wmod that imple-
ments moduli stabilisation for the scalar fields out-
side the inflaton sector. It will therefore be fixed
together with these moduli at a higher scale than
the inflaton mass, leaving an effective theory with
only the complex field X. Then, if Re X is an axion
with the corresponding shift symmetry, Im X will
be a saxion which will appear in the Ka¨hler poten-
tial, and through it in the F-terms of the moduli
stabilised at this high scale. It could then be that
via these couplings the saxion acquires a high mass
during inflation, or perhaps a quartic coupling that
stabilises it at a small or vanishing value while in-
flating with Re X.
A TYPE IIA SCENARIO
Let us render our general discussion more precise by
considering a class of string theory models to which the
above considerations apply, and that were already sug-
gested in Appendix A of [6]. Let us in particular consider
4d type IIA compactifications with O6-planes and back-
ground fluxes [15]. As shown in [12], in this setting one
may obtain a superpotential of the form (1) as follows.
We consider a D6-brane wrapping a special Lagrangian
three-cycle Π3 of the compactification manifoldM6, such
that b1(Π3) = 1. This in particular implies that the D6-
brane has a complexified position modulus Φ defined as
A+ [ιXJc]Π3 = Φ ζ (2)
with X a normal vector describing a special Lagrangian
deformation of Π3, A the D6-brane Wilson line profile
and ζ is a harmonic one-form that generates H1(Π3,Z).
Finally, Jc is the complexified Ka¨hler form Jc = B + iJ .
Since b1(Π3) = 1 the three-cycle Π3 will contain a two-
cycle pi2 in the Poincare´ dual class of [ζ]. We may now
assume that [pi2] is non-trivial in the homology of M6.
This implies that∫
pi2
Jc =
∑
a
naT
a ≡ T (3)
where na ∈ Z describe the topology class of pi2 and T a =
ba + ieφ/2va are Ka¨hler moduli of the compactification
(see [16–18] for conventions). Then, following [12] one
can see that the following superpotential is generated
Winf = ΦT (4)
where recall that T is a linear combination of Ka¨hler
moduli. For instance one could have T = T 1 − T 2, so
demanding T = 0 (which implies the D6-brane BPS con-
dition Jc|Π3 = 0) does not require any two-cycle of M6
shrinking to vanishing size, but rather certain relations
among their volumes.
We would now like to construct a model of inflation
from the scalar potential related to (4). In order to see
if this is feasible, one must first understand the interplay
between the inflationary potential and the potential fix-
ing the moduli of the compactification. Near the vacuum
this can be done by describing the whole system in terms
of a 4d supergravity potential
V = eK
(
Kαβ¯DαWDβ¯W¯ − 3|W |2
)
(5)
where the full superpotential is
W = Wmod +Winf (6)
with the following moduli stabilisation superpotential
Wmod = Wflux(T,N) +WD2(N,Φ) +WWS(Φ, T ) . (7)
3Here Wflux is the superpotential generated by the closed
string fluxes threading M6, affecting the complexified
Ka¨hler, complex structure and dilaton moduli. WD2 is
the superpotential generated by Euclidean D2-brane in-
stantons which not only includes the complex structure
moduli of the compactification but also the D6-brane
moduli like Φ. Finally, WWS is the correction generated
by worldsheet instantons. These instantons can be closed
or open Euclidean strings, the former only depending on
the Ka¨hler moduli of the compactification and the latter
also on the D6-brane moduli.
To evaluate (5) we also need the Ka¨hler potential for
these fields. From [16–18] we obtain that at tree-level
K = KK +KQ where
KK = −log
(
i
6
Kabc(T a − T¯ a)(T b − T¯ b)(T c − T¯ c)
)
(8)
KQ = −2 log
(
1
2i
FKL
[
NK − N¯K + i
4
QKΦΦ¯
]
·
[
NL − N¯L + i
4
QLΦΦ¯
])
(9)
where Kabc ∈ Z are triple intersection numbers of M6,
and we refer the reader to [18] for the definitions involved
in (9). What is more relevant for us is that this Ka¨hler
potential meets all the symmetry requirements of [3] if we
i) identify Φ with the stabiliser field S and ii) choose the
triple intersection numbers such that KK only depends
on (Im T )2. In that light, it is natural to identify the
inflaton candidate with the axion Re T , that is with
b =
∫
pi2
B (10)
which is what we will assume in the following.
Since we are aiming to stabilise all moduli fields besides
the inflaton at a much higher scale, it make sense to un-
derstand moduli fixing as a two-step process. We first
forget about the D6-brane and its field Φ, and only con-
sider the closed string background for which W = WΦ=0mod .
We then assume that the we can find a vacuum where
the F-terms vanish and almost all moduli are stabilised,
with a very small or vanishing value W 0mod for W
Φ=0
mod at
this vacuum. Because we do not want to stabilise b at
this step we will assume that Wmod does not depend on
T , which immediately singles out b as a flat direction of
this potential. We then reinstate the D6-brane, hence
the field Φ and the superpotential Winf and see how the
full scalar potential computed with (6) looks around this
sublocus of the moduli space [19].
To see the consequences of this approach let us split
the scalar potential (5) as V = VQ+VK−3eK |W |2, where
VQ = e
K
(
Kαβ¯DαWDβ¯W¯
)
α, β = NK ,Φ (11)
and impose the F-term conditions
DNWmod = 0 ⇐⇒ DNW = KNWinf ∀NK (12)
with KN = ∂NK. Then, using the identities
KΦΦ¯KΦ¯ +
∑
L
KΦN¯
L
KN¯L = 0 (13)∑
α,β=NK ,Φ
KαK
αβ¯Kβ¯ = 4 (14)
and also imposing ∂ΦWmod = 0 we obtain that
VQ = e
K
(
KΦΦ¯|∂ΦWinf |2 + 4|Winf |2
)
+O(W 0mod) (15)
The second part of the potential is given by
VK = e
K
(
KT
aT¯ bDTaWDT¯ bW¯
)
(16)
Imposing the F-term condition
DTaWmod = 0 ⇐⇒ DTaW = KTaWinf (17)
which in particular implies KT = 0 and using the identity
KTaK
TaT¯ = 2i Im T (18)
we obtain
VK = e
K
(
KT T¯ |∂TWinf |2 + 3|Winf |2 − (2Im T )2|∂TWinf |2
)
+O(W 0mod) (19)
Let us now add these two pieces of the potential and
compare the full potential energy with that of the vacuum
constructed from Wmod. The result is
∆V = eK
(
KΦΦ¯|∂ΦWinf |2 + (KT T¯ + 4(Re T )2)|∂TWinf |2
)
+ O(W 0mod) (20)
By assumption, the above F-term conditions are compat-
ible with Φ = Im T = 0, so we can analyse (20) around
that locus. Notice for instance that |∂TWinf |2 = |Φ|2, and
so at large values of the inflaton field Re T , Φ = Winf = 0
is energetically favoured [29].
At this locus the potential difference reduces to
∆V = eKKΦΦ¯|T |2 (21)
which is precisely the quadratic potential for T , and in
particular for b, that we were aiming for from (4).
Let us now reconsider the caveats associated to F-
term axion monodromy inflation in the scenario at hand.
First, we have an inflaton candidate b which only ap-
pears in the supergravity scalar potential through (21).
This quadratic term is special in the sense that it is sup-
pressed by KΦΦ¯, unlike the mass terms for the Ka¨hler
moduli that appear at Wmod. One may then suppress
the mass for the inflaton candidate with respect to other
closed string moduli without making any further assump-
tion for the superpotential and by simply decreasing the
value for KΦΦ¯ with respect to the closed string metrics
likeKT
aT¯ b . As hinted above, this may be done by placing
4the D6-brane creating the superpotential (4) in a warped
region of M6 [30]. Indeed, similarly to [21], the effect of
warping will be to enhance the constants QK that ap-
pear in the Ka¨hler potential (9), and to which KΦΦ¯ is
inversely proportional. Hence by increasing the warping
in a small region around the D6-brane one may decrease
the inflaton mass in (21), while at the same time keeping
its kinetic term (that arises from integrals in the bulk)
unaffected.
For instance, by direct dimensional reduction one can
see that for the following choices of scales
VM6 ∼ 103 VΠ3 ∼ 10 g2s ∼ 0.1 (22)
with all volumes measured in the string frame and in
units of the string scale, one gets a mass for the Ka¨hler
modulus T in (21) of the order [19]
minf ∼ Z−1/2D6 10−3.5Mpl (23)
with Mpl ∼ 1018 GeV the reduced Planck mass and ZD6
the warp factor around the D6-brane location. Hence,
by choosing the value of Z ∼ 103 one can get a realistic
inflaton mass.
As mentioned above, due to its shift symmetry (21)
is the only potential felt by the B-field axion b = Re T
defined in (10). Therefore it will acquire a mass of the
order (23), being able to drive inflation along the tra-
jectory {Re T = b∗ → bend, Im T = 0}. However, before
claiming that this the correct trajectory one must analyse
the potential felt by the its saxion partner Im T . Since
Im T appears in the Ka¨hler potential, it will also appear
in the F-terms for the massive moduli stabilised by Wmod
and therefore in the scalar potential generated before we
added Winf . But this does not guarantee that it will
acquire a high mass from the potential stabilising mod-
uli. In fact, it was shown in [22] that for supersymmetric
vacua like the ones considered above Im T will have a
vanishing or tachyonic mass, becoming potentially unsta-
ble when an uplifting mechanism to de Sitter is invoked.
Notice that the tachyonic mass is not a problem in our
setting, since Im T acquires a much larger and positive
mass contribution (23), but it does show that the mass
term for Im T is not bigger than that for the inflaton.
Nevertheless, it may still happen that Im T develops a
quartic or higher term in the scalar potential which pre-
vents it to acquire a large vev, and that it fixes it at
vanishing value when we are rolling down with Re T . If
that is the case, one may effectively have a system de-
scribing single field inflation, while if not one may have
to perform a two field analysis like in [23, 24].
Let us assume that we have such single field inflation
system, leaving the two-field analysis for [19]. Since the
inflaton b will take a trans-Planckian vacuum expecta-
tion value at the beginning of inflation, it is necessary to
take into account Planck suppressed corrections to the
quadratic potential described by supergravity. In our
case this can be done by doing a dimensional reduction
of the DBI action of the D6-brane, which sums over all
α′ corrections to the potential. One then finds that the
quadratic potential is modified to [19]
V = γ
√1 + δ( φb
Mpl
)2
− 1
M4pl (24)
where φb is the axion (10) canonically normalised and
γ ∼ 10−1g3s
VΠ3
V2M6
(25)
δ−1 ∼ 10−1g−1s KΦΦ¯KT T¯VΠ3VM6 (26)
Again, one may get a realistic inflaton mass with a choice
of scales like (22) and an appropriate choice of warp fac-
tor, obtaining that the above parameters range around√
δγ ∼ 10−5 − 10−6 and δ ∼ 10−1 − 10−3.
FIG. 1. Tensor-to-scalar ratio obtained in terms of δ
FIG. 2. Spectral index in terms of δ
Given this model of large single field inflation, one may
compute the cosmological parameters associated to the
range of parameters described above. One finds that
slow-roll inflation typically occurs for 1.4Mpl < φb < 13−
15Mpl for 60 efolds, and for 1.4Mpl < φb < 12−14Mpl for
550 efolds, the upper limit φb ∗ depending on the value of δ.
In fact most cosmological parameters depend on δ, which
interpolates between a model of quadratic chaotic infla-
tion (δ ∼ 10−3) and a linear chaotic inflation (δ ∼ 10−1).
In figures 1 and 2 we display the tensor-to-scalar ratio
and the spectral index in terms of the parameter δ, for
the number of efolds N∗ = 50 and N∗ = 60. Finally, we
plot one in terms of the other and compare with the plot
given by Planck (2015) [25] in figure 3.
FIG. 3. Primordial tilt ns vs r given by Planck Collaboration.
The yellow area shows the region covered by δ ∼ 10−1−10−3.
We leave a more detailed analysis of these quantities
and higher order inflationary parameters for [19], but in
general we find that the model satisfies all current con-
straints. It would be interesting to build concrete exam-
ples of this type IIA scenario, as well as to explore sim-
ilar string theory setups like type IIB with D7-branes.
Finally, it would be interesting to see the effect of one-
loop corrections to our moduli stabilisation scenario, to
generalise it to consider some non-vanishing F-terms for
massive moduli and to carry an analysis along the lines of
[26, 27]. We hope to report on these issues in the future.
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